obJect Patients with symptomatic Chiari malformation Type I (CM-I) frequently present with headaches, neck pain, difficulty swallowing, and balance disturbances. In children with autism spectrum disorder (ASD), diagnosing CM-I can be a challenging task. Moreover, even if symptomatic, some patients do not undergo further evaluation or management, as their presentations are attributed to autism and its myriad symptoms. Therefore, cranial MRI findings were reviewed after evaluating and treating patients with coexisting ASD and CM-I. In this paper, the authors report on 5 children with ASD and symptomatic CM-I, including their clinical presentation, imaging studies, management, and outcomes, and discuss the likely underrecognized coexistence of these conditions. MethoDS All pediatric patients with ASD and cranial MRI conducted for any reason in the period from 1999 to 2013 were considered for analysis. All cases with concomitant symptomatic CM-I were eligible for this retrospective analysis. reSultS One hundred twenty-five pediatric patients diagnosed with ASD had undergone MRI, and 9 of them had evidence of cerebellar tonsillar herniation. Five patients were symptomatic and underwent suboccipital craniectomy, a C-1 or a C-1 and C-2 laminectomy, and duraplasty with bovine pericardium or Type I collagen allograft. There were no intraoperative complications. All patients showed symptom improvement and/or resolution of presenting symptoms, which included headache, dysphasia, speech, and irritability. coNcluSioNS There is no identified cause of autism. Children with ASD can be difficult to assess specifically in a neurological examination. Thus, cranial MRI considered when completing a comprehensive diagnostic evaluation. While cranial MRI is not a routine part of ASD evaluation, this study demonstrates that CM-I and ASD may coexist and be underrecognized. The study reinforces the importance of a comprehensive medical evaluation designed to elucidate neurological findings in children with impaired communication abilities and suggests the judicious use of neuroimaging.
I n 1891, Hans Chiari documented 3 cases of congenital defects of the rhombencephalon, classified as types I, II, and III.
5 A Chiari I malformation, or Chiari malfor mation Type I (CM-I), is the mildest form and is associated with ectopia of the cerebellar tonsils through the foramen magnum, which can occur to various degrees. Diagnosis of CM-I is currently best made on cranial midsagittal MRI studies, with cerebellar tonsil herniation of at least 3 mm suggesting the condition. Autism spectrum disorder (ASD) is a neurodevelop mental condition characterized by impairments in social interaction, communication difficulties, and the presence of restricted, repetitive, and stereotyped patterns of behav ior. The disorder occurs in all ethnic, socioeconomic, and age groups. There is significant variability in terms of spe cific characteristics and severity. 4, 9, 23 Frequently, impair ments are readily apparent externally and consequently detract from other comorbidities, thereby making their diag nosis or treatment difficult.
In this report, we describe the presentation of symp tomatic CM-I in five children with a preexisting diagnosis of autism and evaluate their imaging studies, management, and outcomes. The observation of CM-I in patients with ASD highlights the importance of considering CM-I in the ASD subset, especially when CM-I is symptomatic, and alludes to the likely underdiagnosed and undertreated in cidence that may exist. To our knowledge, no similar case series has been published thus far.
Methods
Institutional review board approval was obtained for this retrospective study of all patients younger than 18 years of age, who had a diagnosis of ASD and had un dergone cranial MRI for various reasons over 13.5 years (1999-2013 
results
From an institutional database of 125 patients, 9 (7%) had evidence of cerebellar tonsillar herniation, which in cluded cerebellar ectopia and CM-I. Symptomatic CM-I was defined as difficulties with balance, swallowing, or mood or subjective findings of headache. Five patients were symptomatic, and the details of each case are out lined below. The other four patients were asymptomatic and had cerebellar ectopia of less than 4 mm. Table 1 sum marizes the extent of cerebellar ectopia in the patients in our series.
All patients underwent a suboccipital craniectomy, a C-1 or a C-1 and C-2 laminectomy, and duraplasty with bo vine pericardium or Type I collagen allograft. Intraopera tively, extensive arachnoid adhesions were present around the cerebellar tonsils and foramen magnum, requiring ly sis to obtain adequate decompression and restore normal CSF flow (if compromised). There were no intraopera tive or postoperative complications. All patients showed symptom improvement following surgical intervention. Presenting symptoms varied among the cases. The follow ing improvements were recorded: 100% headache resolu tion (4 of 4 patients), 75% improvement in dysphagia (3 of 4), 50% improvement in speech (2 of 4), improvement in cervical range (1 of 1), reduced syrinx size (1 of 1), and improved cognitive function (1 of 1).
illustrative cases case 1

History and Examination
A 4-year-old boy with a history of autism and general ized seizure disorder presented for evaluation. Autism had been diagnosed when he was 18 months of age because he demonstrated impaired social function, lack of visual con tact, sensory interrogation difficulties, and marked speech delay. Electroencephalography demonstrated no lateral izing findings, and his generalized seizure disorder was well controlled by Keppra (levetiracetam). His parents had observed that he frequently held the back of his neck and avoided cervical flexion and extension (did not nod head for "yes" but moved his head appropriately for "no"). His swallowing difficulties were thought to be caused by taste sensory integration dysfunction. Physical examination re vealed bilateral, symmetrical hyporeflexia (1+) and diffi culties with balance upon ambulation. Direct evaluation of the lower cranial nerves was not possible because of patient noncompliance.
Imaging
Magnetic resonance imaging of the brain ( 
Postoperative Course
The patient underwent the surgical procedure described above. Follow-ups at 1, 3, and 12 months after surgery re vealed progressive improvement in balance along with the resolution of his swallowing difficulties. In addition, normal cervical flexion and extension returned, with no complaints of headache or neck pain. The boy's seizures continued to be well controlled by the Keppra. An MRI study at 1 year postoperatively revealed decompression of the CM-I with reduction in the syrinx size (Fig. 1 right) .
case 2
History and Examination
A 4-year-old boy with a history of autism, which had been diagnosed when he was 18 months, and a possible ab sence seizure-like episode presented to his neurologist. Elec troencephalography was normal. An MRI study of the brain revealed CM-I, and consequently he was referred for further evaluation. His parents also revealed that he frequently held his head and would bang it on walls. He additionally had difficulty swallowing and was nonverbal. Physical examination was difficult to complete because of patient noncompliance, although he appeared to be very active and ambulatory with occasional balance difficul ties.
Imaging
An MRI study of the brain demonstrated 8 mm of cer ebellar herniation without parenchymal abnormalities or hydrocephalus.
Postoperative Course
The patient underwent the surgery. At 1 and 6 months postoperatively, the boy demonstrated improvement in his balance, irritability, and mood as well as his swallowing capabilities. In addition, he had ceased banging his head on the wall and was easier to reason with. He continued to remain largely nonverbal but would occasionally speak a few words. An MRI study was not obtained postopera tively.
case 3
History and Examination A 4-year-old boy presented to the clinic for evaluation. Autism had been diagnosed when he was 15 months of age. He had a history of head holding, banging his head on the wall, throwing frequent tantrums, and biting his hands. Additionally, he had difficulty swallowing food as well as excessive regurgitation of fluids. At 2 years of age, he had been diagnosed with metopic craniosynostosis, for which he underwent cranial vault remodeling without complica tion. Magnetic resonance imaging at the time had demon strated a 6-mm CM-I, for which he did not receive treat ment. His symptoms had reduced immediately following the cranial vault remodeling but recurred and worsened over the ensuing 2 years. Physical examination could not be completed because he was noncompliant, although he was ambulatory without difficulty and nonverbal.
Imaging
An MRI study of the brain with a CSF flow study was performed. Compared with the MRI results from 2 years earlier, an increase in the cerebellar tonsil herniation to 8 mm had occurred. In addition, CSF flow was reduced in the posterior fossa. There was no hydrocephalus, and there were no parenchymal abnormalities. The calvaria demon strated appropriate surgical correction.
Postoperative Course
The patient underwent surgical treatment. At 1 and 9 months postoperatively, he demonstrated continued im provement in socializing and function. He had ceased banging his head, rarely had a tantrum, and was starting to verbalize with apparent improvement in understanding. Follow-up MRI is scheduled.
case 4
History and Examination
A 5-year-old boy presented to the clinic after being referred for symptoms suggestive of headaches based on his parents' observation. He had a concurrent diagnosis of autism with severe delay in speech function. Physical ex am ination was normal with the exception of the severe speech development delay.
Imaging
An MRI study of the brain with a CSF flow study was performed. It demonstrated a CM-I with 13 mm of cere bellar tonsil herniation as well as severe restriction of CSF flow in the posterior fossa. There was no hydrocephalus or parenchymal abnormality.
Postoperative Course
The patient underwent surgery. At his last visit, 2 years postoperatively, his parents no longer observed him hav ing features suggestive of headaches. He continued to have speech difficulties. Magnetic resonance imaging performed at the time demonstrated good posterior fossa de compression without evidence of CSF flow restriction.
case 5
History and Examination
A girl with an age of 3 years 9 months presented to the clinic after having been referred for a CM-I. Autism had been diagnosed when she was 16 months old, and she had significant speech delay with poor social interaction. She also had balance difficulties and would choke on food and bang her head on the wall. Physical examination was not completed because of patient noncompliance, although she was observed to be nonverbal with occasional balance difficulties while ambulating.
Imaging
Magnetic resonance imaging of the brain with a CSF flow study demonstrated 8 mm of cerebellar tonsil hernia tion. There was moderate to severe CSF flow restriction in the posterior fossa. There was no hydrocephalus or paren chymal abnormality.
Postoperative Course
At 1, 6, and 12 months postoperatively, the patient demonstrated improved swallowing and speech with no epi sodes of head banging. In addition, her balance had normalized. An MRI study performed at the time demonstrat ed good posterior fossa decompression and no evidence of CSF flow restriction in the posterior fossa.
Discussion
Chiari malformation I is frequently asymptomatic, 12 and consequently its true prevalence is unknown. A symp tomatic CM-I can cause neurological dysfunction either by direct compression of neural tissue with or without syringomyelia, or as a consequence of CSF circulatory disturbances. Consequently, the most frequent presenting features include headaches, ocular disturbances, sleep ap nea, lower cranial nerve compression, dysphagia, dysar thria, disequilibrium with vertigo, and motor or sensory findings caused by syringomyelia or scoliosis. 11, 20 There is evidence to suggest that CM-I can negatively affect higher cognitive functioning and development, 15 al though the exact etiology and pathogenesis remain contro versial. Regarding the development of CM-I, various hy potheses have been proposed, including primary genetic abnormalities, 18, 21 early gestational injuries, and postnatal osseous growth abnormalities.
13,14
It is well known that ASD is characterized by signifi cant impairment in interest, social development, and com munication and an increase in repetitive and stereotypic behaviors. 4, 9, 23 Children with ASD have considerable dif ficulty communicating emotions and discomfort. Genes that may be involved in the development of ASD and CM-I have been individually identified, 17 ,21 yet the inci dence and prevalence of these disorders simultaneously in the same patient have not been characterized. Functional MRI abnormalities of the amygdala, cerebellum, orbito frontal cortex, and superior temporal gyrus have also been found to be associated with ASD. 3, 6, 16 Yet, it is unlikely that these anatomical abnormalities alone are responsible for CM-I in this patient subset, as both disorders exist in dependent of each other. More than likely, a certain subset of patients with ASD has other developmental abnormali ties that result in CM-I, with a further subset becoming symptomatic.
Because of the young age and clinical heterogeneity of patients with ASD, it can be extremely difficult to iden tify coexisting symptomatic CM-I. Features such as head holding, head banging, and difficulty in flexion and ex tension of the neck suggest the likelihood of headaches and neck pain. Swallowing difficulties and dysarthria may reflect lower cranial nerve dysfunction, while difficulties in balance and ambulation may reflect cerebellar or spinal cord compromise.
Unfortunately, these clinical features are frequently thought to be caused by ASD and consequently are not investigated further. This, in turn, places an additional burden on patients and their families, as a timely diag nosis with appropriate treatment can reduce these comor bidities and improve patients' quality of life. It is likely that there are an underdiagnosed and undertreated num ber of patients with these two conditions simultaneously. The current frequency of CM-I in the pediatric and adult population is thought to be about 1%-3.6%. 1, 10, 19 This rate is lower than the observed frequency of 7% in our popula tion database.
Nevertheless, it is difficult to recommend performing cranial imaging in all patients with ASD to evaluate for CM-I, as the patient may be asymptomatic and such a practice does not represent a costeffective form of health care delivery. Currently, the American Academy of Neu rology, the Child Neurology Society, 7 the American Acad emy of Child and Adolescent Psychiatry, 22 and the Ameri can Academy of Pediatrics 8 do not recommend imaging as part of the routine evaluation of children with ASD.
It is therefore imperative that the physician is alert to the history given by the child's parents or caretakers, as well as the observed clinical findings, and corroborates these aspects with the sensible utilization of further test ing and subsequent management. Awareness of the coex istence of symptomatic CM-I and ASD necessitates clear communication between primary care physicians, autism specialists, pediatric neurologists, and pediatric neurosur geons.
conclusions
We identified and treated 5 patients with symptomatic CM-I with ASD from a well-characterized sample. All pa tients tolerated the surgical intervention and showed im provement in their baseline symptoms including subjec tive headache, dysphagia, and speech difficulty. While our sample is small, it represents an opportunity for further investigation into the coexistence of ASD and CM-I. A larger population database must be reviewed to establish whether the frequency of CM-I is indeed higher in those with ASD than in the general population.
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